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INTRODUCTION 
INTRODUCTION 
Acid hydrazides may be regarded as the acyl derivatives of 
hydrazine or N-amino derivatives of amides. They may be prepared 
by the action of hydrazine on esters or acyl chlorides. 
RCOOC2H5 + N2H4 — > RCONHNH2 + C2H5OH 
RCOCl + N2H4 > RCONHNH2 + HCl 
When the terminal -NH2 group of the monoacyl hydrazines is 
condensed with aldehydes or ketones, the proton of -NH group in 
the resulting acyl hydrazones becomes more labile and is reported 
to be replaceable by metal ions^ -'-^ . The presence of an extra 
amino group causes delocalisation of electrons with subsequent 
changes in energy levels associated with the carbonyl oxygen 
which acts as donor in acid amides(^^. 
The chemical properties of hydrazones are of interest due to 
their biological activity^ ' , coordination capacity^^, and their 
use as metal extracting agents^ '. The hydrazone derivatives are 
used as fungicides and in the treatment of diseases such as 
tuberculosis, leprosy and mental disorders^^. The complexes of 
aryl hydrazones have been reported to act as inhibitors for the 
enzymes ^ ' . 
Transition metal complexes of acyl hydrazones have attracted 
considerable amount of attention not only because of their 
medicinal importance but also because of the various bonding and 
stereochemical possibilities that they offer(^'. 
A survey of literature shows that the synthesis of Ni(II) 
complex with salicylaldehyde isonicotinoyl hydrazone^^ has been 
reported and several transition metal ions have been detennined 
spectrophotometrically using various isonicotinoyl hydrazone^ \ 
( ^ ; 
The complexes of Ni(II), Co(II), Cu(II), Mn(II), Zn(II) and 
Hg(II) chlorides and dioxovanadium (7) with 2-benzoyl pyridine 
isonicotinoyl hydrazone and 2-benzoylpyridine quinaldinoyl hydra-
zone are characterized and in few cases thermal analysis have 
been carried out to confirm the presence of coordinated aquo 
group. Both the ligands have been found to function as neutral 
tridentate donors in the isolated complexes' '. 
Transition metal complexes of Acetone isonicotinoyl hydrazo-
ne have been synthesized and donor sites decided on the basis of 
infrared spectral studies (^ . 
Interaction of Isatino-3-benzhydrazone and Isatino-3-(2-
hydroxy benzhydrazone) with some 3d metals has been studied in 
solution and solid state. Nature of the complexes has been 
studied by conductometric, pH-metric, electromeric and infra-
red spectral studies ^-'-^  . 
Complexes of salicylidene 2-picoloyl hydrazone, salicylidene 
2-quinoloyl hydrazone and some related ligands have been prepared 
and their stereochemistries identified. Flexidentate behaviour of 
these ligands have also been examined^ •'••^ ' . 
Nickel(II) and Copper(II) chelates with polydentate 
ligands derived from condensation of salicylaldehyde with 
dicarboxylic acid dihydrazides have been prepared. In these 
chelates the ligands show different degrees of deprotonation. 
The different modes of chelation of the ligands and the 
stereochemistry of the metal (II) chelates are discussed ^  •'"'^  ^  • 
Octahedral metal(II) complexes of tridentate hydrazones 
have been prepared from the chelating ligands 2-pyridine-
carboxaldehyde p-chlorobenzoylhydrazone and 2-pyridinecarboxal 
( 3 ) 
-dehyde-salicyloylhydrazone. The ligands are obtained by treating 
pyridine-2-carboxaldehyde with the appropriate hydrazide^-"-^^ . 
The structure of transition metal complexes of 2-benzoyl-
pyridine benzoyl hydrazone and 2-benzoylpyridine salicyloylhydra-
zone have been deduced on the basis of their analytical, conduct-
ance, infrared and electronic spectral and magnetic moment 
data(16). 
Several bivalent metal complexes of hydrazones derived from 
aromatic acid hydrazides and furan-2-carboxaldehyde have been 
characterized and different stereochemistries are proposed on the 
basis of spectral and magnetic studies ^-^ ^^  . 
In view of the growing interest in the chemistry of 
hydrazones, the synthesis of l-isonicotinyl-2-cyclohexylidene 
hydrazine and l-Isonicotinyl-2-veratrylidenehydrazine and the 
structural study of their transition metal complexes have been 
undertaken. 
EXPERIMENTAL METHODS 
( 4 ) 
EXPERIMENTAL METHODS 
There are several physico-chemical techniques for the study 
of coordination compounds. A brief description of the techniques 
used in the investigation of the newly synthesized complexes is 
given below : 
1. Infrared spectroscopy 
2. Magnetic susceptibility measurements 
3. Electronic spectra 
4. Conductometric measurements 
5. Elemental analysis 
INFRARED SPECTROSCOPY 
The infrared region of the electromagnetic spectrum extends 
from the red end of the visible spectrum to the microwaves i.e. 
the region includes radiations from 14,000 cm"-'- to 20 cm"-*-. The 
spectral range of greatest use is the mid-infrared region which 
— 1 —1 
covers the frequency range from 4000 cm to 400 cm . Infrared 
spectroscopy involves the twisting, bending and vibration moti-
ons of atoms in a molecule. 
In a spectrometer the molecule is irradiated with a whole 
range of infrared frequencies but is only capable of absorbing 
radiation energy at certain specific frequencies which match the 
natural vibrational frequencies of the molecule. These natural 
frequencies of the molecule occur in the infrared region of the 
electomagnetic spectrum. 
For infrared absorption to occur, two major conditions must 
be fulfilled. First, the energy of the radiation must coincide 
with the energy difference between the excited and ground states 
of the molecule. Radiant energy will then be absorbed by the 
( 5 ) 
molecule, increasing its natural vibration. Second, the vibration 
must entail a change in the electrical dipole moment. 
The intensity of an infrared absorption band is proportional 
to the square of the rate of change of dipole moment with respect 
to the displacement of the atoms. In some cases, the magnitude of 
the change in dipole moment may be quite small, producing only 
weak absorption bands, as in the relatively nonpolar C=N group. 
By contrast, the large permanent dipole moment of the C=0 group 
causes strong absorption bands, which is often the most 
distinctive feature of an infrared spectrum . If no dipole moment 
is created as in the C=C bond undergoing stretching vibration 
then no radiation is absorbed and the vibrational mode is said to 
be infrared inactive. 
The infrared spectrum of a compound is essentially the 
superposition of absorption bands of specific functional groups. 
For qualitative analysis, one of the best features of an infrared 
spectrum is that absorption or the lack of absorption in specific 
frequency regions can be correlated with the specific stretching 
and bending motions and, in some cases, with the relationship of 
these groups to the remainder of the molecule. 
For obtaining the infrared spectra of solids, normally two 
methods are used, (i) Nujol mull method and (ii) KBr disc method. 
In nujol mull method, small amount of solid sample is mulled in a 
mortar with a small amount of nujol to yield a paste which is 
then transferred to a rock salt plate. In KBr disc method, very 
small amount of finely ground solid sample is intimately mixed 
with powdered KBr and then pressed in an evacuated die under high 
pressure producing a transparent disc. 
( 6 ) 
When a suitable solvent is available the solid sample may be 
dissolved and put into sealed cell of fixed thickness. The 
infrared radiations from the source (Nernst glower or Globar) 
are allowed to pass through nujol mull / KBr pellet / cell and 
absorption bands are recorded with the help of a detector. 
MAGNETIC SUSCEPTIBILITY 
The ratio of the intensity of magnetisation induced in a 
substance (I) to the magnetic field intensity (H) is called as 
volume susceptibility, k 
I/H = k 
The volume susceptibility is simply related to both the gram 
susceptibility , X / ^nd the molar susceptibility, X M ' 
X = k/d 
Xf^= X . M = k M/d 
Where d and M are the density and the molecular weight of 
the substance respectively. 
For most substances, X. ^ ^ negative, they are diamagnetic. 
Substances having unpaired electrons that do not strongly 
interact with one another, have positive values of X • These 
substances are paramagnetic. In coordination compound of 
transition metals with unpaired electrons, the diamagnetic 
ligands keep the metal atoms fairly well separated and 
consequently such compounds are generally paramagnatic. 
Substances in which the electrons of adjacent paramagnetic 
sites interact magnetically with each other are ferromagnetic or 
antiferromagnetic. A ferromagnetic substance is one in which the 
adjacent magnetic dipoles are oriented in the same direction. An 
antiferromagnetic material is one in which adjacent magnetic 
( V ) 
dipoles are oppositely oriented. 
Diamagnetism is attributed to the interaction of closed 
shell electrons with an applied magnetic field. All substances, 
even paramagnetic substances contain some closed shells of 
electrons. Consequently, paramagnetic subtances have a negative 
(diamagnetic) contribution to their net susceptibility. In most 
cases, this diamagnetic contribution is only a small fraction 
of the total susceptibility, but in accurate work it is necessary 
to correct the measured susceptibility for the diamagnetic 
contribution. The relation used is 
-vcorr _ "Y -y 
A-M ~ '^ m -^ dia 
Because the diamagnetic contribution, X^ia' ^^ always 
negative , the corrected molar susceptibility is always greater 
than the uncorrected value. 
For an assemblage of magnetic dipoles having an alignment 
energy much larger than KT, the corrected susceptibility may be 
represented by the Curie Law, 
ryCorr ^ p/T* 
The effective magnetic moment, ;jg££, is a quantity of 
considerable interest to chemists which can be expressed as 
Meff = 2.83 ( X?,°^^)^/' T V 2 
Many paramagnetic substances do not exactly obey the Curie 
Law, but rather a modification, called the Curie - Weiss Law, 
^corr ^ c/(T + 0) 
Where 6 is the Weiss constant. 
The importance of Wgff to chemists lies in the fact that, 
for many compounds, it can be calculated theoretically from a 
knowledge of the structure and type of bonding. Thus, from the 
( 8 ) 
comparison of the experimental Agff with values calculated for 
different types of the structure and bonding, it is often 
possible to choose one structure out of several possibilities or 
atlGost to GliminatG certain possibilities. 
In compounds of the first transition series, the orbital 
contribution to the magnetic moment is almost completely quenched 
by the ligand fields, the following "spin-only" formula may be 
used for approximate calculation of Mgff. 
M^ff = 2 [S(S+1)]V2 
Where S i s simply o n e - h a l f t h e number of u n p a i r e d 
e l e c t r o n s , n, the equation can be w r i t t e n as 
M^ff = [n(n+2)J^/^ 
The above equation is significant in the study of transition 
metal complexes because the number of unpaired electrons may be 
correlated with the type of bonding or structure of the 
complexes. 
Magnetic susceptibility has been measured by the Quincke's 
method. The Quincke's tube is U-shaped glass tube with one limb 
very narrow and the other one wide. The narrow limb is placed 
between the pole-pieces of electromagnet such that the meniscus 
of the liquid lies symmetrically between N - S poles. The rise 
and fall h is measured by means of a travelling vernier 
microscope of least count of the order of 10 cm. 
Volume susceptibility of the solution is calculated by the 
relation 
k = 2(cr - 9) g. (h/H^) 
Where 9 is the relative density of air, cr is relative 
density of the liquid, g is the acceleration due to gravity, h 
( 9 ) 
cm is the rise or fall of the liquid column in thinner limb on 
application of magnetic field H. 
ELECTRONIC SPECTRA 
Most compounds absorb light in the spectral region between 
200 and 1000 nm. These transitions correspond to the excitation 
of the molecules to higher electronic states; therefore spectra 
in this region Q^^& often called electronic absorption spectra. 
The "visible" spectral region ranges from about 400 nm to about 
700 nm and the "ultraviolet" region corresponds to wavelength 
less than about 4 00 nm. 
The energy of a spectral transition is related to the 
frequency of the light by the relation A E = h U . In practice, 
the energy of light is usually specified in terms of its 
wavelength, /\ , or its wavenumber, V . These quantities are related 
to the frequency as follows : V = 1/;K = V /O. The intensity of 
light transmitted by a solution of a sample may be expressed by 
the relation 
I = IQ 10"^/"^ 
log(Io/I) = 6 1 c = A 
Where I Q is the intensity of the incident light, ^ is 
molar absorptivity, 1 is the cell length in cm, c is the concen-
tration in moles per litre, and A is the absorbance or optical 
density. 
Most spectrophotometers have two optical beams that are 
compared. A cell containing the solution is placed in one beam, 
and a reference cell containing the solvent is placed in the 
other. The instrument records graphically the difference in 
absorbance with respect to wavelength. The solvent is chosen such 
( 10 ) 
that it does not absorb strongly in the spectral region of 
measurement. 
The electrons of a molecule in its ground state fill the 
lowest available molecular orbitals, the electron occupy as many 
of these degenerate orbitals as possible, with the maximum 
possible number of unpaired electrons. Sometimes two sets of 
degenerate orbitals differ in energy by an amount less than the 
energy required to pair electrons. In such a case, the electrons 
occupy the orbitals as if the entire group were degenerate. 
When a molecule absorbs a photon, the molecule is excited 
from its ground state to an excited state. However, the various 
conceivable transitions do not occur with equal probability. It 
is possible to predict the intensities of electronic absorption 
bands by these selection rules (i) the transitions between 
states of different multiplicity are forbidden, (ii) transitions 
involving the excitation of more than one electron are 
forbidden, and (iii) in a molecule which has a centre of 
symmetry, transitions between two gerade or two ungerade states 
are forbidden. That is, ^ i —> g and g —> ;u transitions are allowed, 
but g —>g and M — > W transitions are forbidden. 
"Forbidden" transitions can be distinguished from "allowed" 
transitions because the former are of much lower intensity than 
the later. Completely allowed electronic transitions generally 
have extinction coefficients of the order of magnitude 10 to 
s • —1 —1 
10-^  litre mole -^ cm -^. Symmetry-forbidden transitions have extinc-
tion coefficient around 1 to 100 and spin-forbidden transitions 
have extinction coefficient around 10""^  to 1. 
( 1 1 ) 
LI6AND FIELD SPECTRA 
The spectra of coordination compounds may be classified into 
ligand field bands and charge transfer bands. The ligand field 
bands are essentially concerned with the transitions between the 
different types of d orbitals which result from the application 
of the ligand field. 
In octahedral complexes six ligands contribute 12 electrons 
to the molecular orbitals, thus filling a-,„, t-^ and e„ orbitals. 
If the metal ion has no valence electrons, then there are no more 
electrons to be added to the set of molecular orbitals, and the 
ground state of the complex is •'"A-|^„. However, in many complexes 
of transition metals the metal ion has valence electrons (usually 
d electrons) that enter the t->„ and e_, molecular orbitals. The 
molecular orbital diagram for tetrahedral complexes is similar to 
that for octahedral complexes in that again the valence electrons 
of the metal enter t2 and e orbitals. HOwever, in this case, the 
t2 level lies above the e level. 
In general, there are several possible electronic states 
corresponding to the possible distributions of d electrons in the 
two levels ( t2q r^id e„ or e and t2) . Transitions among these 
states account for the visible and many of the ultraviolet 
absorption bands of transition metal octahedral and tetrahedral 
complexes. 
Electronic transitions in octahedral complexes from the t.2Q 
to the e„ levels are forbidden by the third selection rule, but 
they are observed as low intensity bands, generally in the 
visible region of the spectrum. Because these bands in both the 
octahedral and tetrahedral complexes involve transitions between 
( 12 ) 
orbitals that have been perturbed by the field of the ligands, 
they are often referred to as ligand field bands. When there is 
only one electron in the lower level, there is only one conceiva-
ble ligand field transition and only one ligand field band is 
observed. However, the situation is considerably more complicated 
when there is more than one electron. Thus, in general, several 
states of different energy arise from each of the possible 
configurations and more than one transition are observed 
involving different states. 
CHARGE TRANSFER SPECTRA 
The transitions between levels which correspond to different 
electron distributions amongst the metal and the ligand atoms in 
the ground and the excited states give rise to charge transfer 
bands in tha spectra of complex ions. Transition of this type 
corresponds to the transfer of charge from the central ion to the 
ligand atoms, or vice versa. In the process of transferring 
charge to or from the central ion, that ion gains or loses 
electrons, so that charge transfer spectra have also been called 
as redox spectra. 
The distinction between ligand field and charge transfer 
spectra can not be made sharply if there is extensive mixing of 
the metal and ligand wave function in the molecular orbitals of 
the complex. 
MOLAR CONDUCTIVITY 
The conductivity measurement is very simple and easily avai-
lable technique, used for the characterization of coordination 
compounds. It gives direct information about the ionic and non-
( 13 ) 
ionic nature of a given compound. 
Ohm's law states that current strength (I) is directly pro-
portional to the applied electromotive force(emf,E) and inversly 
proportional to the resistance (R), 
I = E/R (1) 
The resistance of any uniform conductor varies directly as 
its length (1 cm) and inversly as its area of cross section (a 
cm^), so that 
R =Pl/a ohm (2) 
Where,f(a constant for a given conductor) is known as specific 
resistance or resistivity, its unit is ohms-cm . The specific 
conductance of any conductor is defined as the reciprocal of the 
specific resistance and may be represented by symbol K . The 
conductance, C is defined as the reciprocal of the resistance, so 
that by equation (2) 
, -i 
C = K.a/1 ohm (3) 
Kohlrausch defined a function called the equivalent 
conductvity (A )• 
A = 1000 K/C ohm cm 
Where C is the concentration of the solution in gram 
equivalent per litre. The following relation is used for 
determining the molar conductance ( Am) , 
cell constant x conductance 
A-m = 
concentration of solution 
Usually, solutions of 1x10 M strength are used for the 
conductance measurement. The value of molar conductance gives the 
information regarding the electrolytic property of a complex. 
( 14 ) 
whether it is an electrolyte or non-electrolyte. It helps in 
distinguishing those groups that are involved in coordination to 
the central metal ion and groups outside the coordination 
sphere. When all the groups are involved in coordinataion the 
complex behaves as a non electrolyte. Thus molar conductivity 
measurement is an additional tool in determining the geometry of 
complex. 
EXPERIMENTAL 
( 15 ) 
EXPERIMENTAL 
Synthesis of the organic ligands 
l-Isonicotinyl-2-cyclohexylidene hydrazine (CINH) 
A mixture of 20 g. of isonicotinyl hydrazine, 16 cc. of 
cyclohexanone and 250 cc. of water was reacted to give 
l-isonicotinyl-2-cyclohexylidene hydrazine(CINH) in practically 
quantitaive yield^ ' . The product was crystallised from ethanol; 
m.p. 168*^0. 
Anal. Calc'd for C-L2H15N3O : C, 66.5; H, 6.9; N, 19.35 
Found : C, 65.8; H, 7.3; N, 19.21 
l-Isonicotinyl-2-veratrylidenehydrazine(VINH) 
A mixture of 42 g. of isonicotinyl hydrazine, 51 g. of 
veratraldehyde and 600 cc. of propanol-2 was heated on a steam-
bath to solution. On cooling the reaction mixture, white cystals 
of practically pure l-Isonicotinyl-2-veratrylidenehydrazine 
(VINH) precipitated out^-"-^). The product was crystallised from 
propanol-2; m.p. 189°C 
Anal. Calc'd for C-L5H-L5N3O3 : C, 63.1; H, 5.3; N, 14.74 
Found : C,63.4; H, 4.8; N, 14.59 
Preparation of metal complexes 
Addition complexes of the type MCI2.CINH.2H2O were prepared 
by mixing the ethanolic or the aqueous solution of the metallic 
chloride with the ethanolic solution of the ligand (CINH) in 1:3 
molar ratio. The precipitate appeared immediately or on heating. 
The precipitate thus obtained was filtered, washed with water and 
ethanol and dried at 100°C. 
Neutral complexes having the composition M(CINH-H)2•H2O were 
( 16 ) 
prepared by mixing the aqueous or ethanolic solution of metal 
chloride and the ligand in 1:2 molar ratio, the pH was raised by 
adding aqueous solution of sodium acetate. The resulting 
solution was refluxed for several hours. The precipitate thus 
obtained was filtered, washed with water and ethanol and dried at 
100°C. 
The Cu(II) complex of VINH, CuCl(VINH-H).2H2O was prepared 
by refluxing an aqueous solution of cupric chloride and 
ethanolic solution of VINH in 1:2 molar ratio for one hour. The 
complex separated out in the form of green precipitate which was 
filtered, washed with ethanol and finally dried at 100°C. 
Chemical analysis 
The complexes were analysed for their metal content by 
complexometric titration ^-'-^^ with standard EDTA solution after 
destroying the organic matter with a mixture of nitric, 
perchloric and sulphuric acids. Carbon, Hydrogen and Nitrogen 
analysis was carried out from the Medicinal Chemistry Division, 
Central Drug Research Institute (CDRI), Lucknow. Chloride was 
estimated gravimetrically as AgCl^ '. 
The water content of the hydrated complexes was determined 
by heating them in the range 100-140 C and finding out the loss 
in weight. The analytical data are given in the table 1. 
( 17 ) 
Table 1. Analytical data,magnetic moment and conductivity measure-
-ments of the complexes of the ligands CINH and VINH 
Complex Colour Molar Elemental Analysis Magnetic Loss of 
conduct- — moment weight 
tance(/^ •rvO N CI M ;Ug^^(B.M.) % 
MnCl2.CINH.2H2O Cream 31.75 11.17 18.25 13.98 5.46 9.20 
(11.08) (18.73) (14.51) (9.49) 
Mn(CINH-H)2.H20 Pink 30.15 16.11 -- 10.56 5.90 3.96 
(16.63) (10.89) (3.56) 
C0CI2.CINH.2H2O Pink 30.15 10.88 18.75 14.83 4.52 9.50 
(10.97) (18.53) (15.40) (9.40) 
Co(CINH-H)2.H20 Pink 32.93 16.55 -- 11.28 5.30 3.20 
(16.50) (11.59) (3.54) 
NiCl2.CINH.2H2O Green 29.33 10.77 18.41 15.10 3.71 9.35 
(10.97) (18.53) (15.40) (9.40) 
Ni(CINH-H)2.H20 Green 26.94 16.59 -- 11.38 3.80 3.92 
(16.50) (11.59) (3.53) 
CuCl(VINH-H).2H20 Green 11.55 9.88 8.29 15.45 --- 8.44 
(10.04) (8.48) (15.05) (8.60) 
* Calculated Values are given in parenthesis. 
( 18 ) 
Spectral measurements 
The infrared spectra of the ligand in solid as well as in 
acetonitrile solution and infrared spectra of the complexes in 
solid were recorded on a SHIMADZU IR-4 3 5 spectrophotometer. 
Electronic spectra of the complexes were recorded in acidic 
medium on a microprocessor based CIBA CORNING 2800 U.V., visible, 
near ir spectrophotometer in the range 350 nm to 1100 nm. The 
absorbance scale was varied from solution to solution according 
to the need. 
Magnetic measurements 
The magnetic susceptibility measurements were carried out 
at 2 5°C by the Quincke's Method. 
Molar conductance 
The molar conductance of the complexes of 10" M solution in 
pyridine were measured on a conductivity bridge model PHILIPS PR 
9500. 
RESULTS AND DISCUSSION 
( 19 ) 
RESULTS AND DISCUSSION 
The analytical data (Table 1) show the formation of addition 
compounds of the type MClT.CINH.2H2O where CINH remains in the 
keto form. 
Keto form 
The ligands CINH and VINH form neutral complexes of the type 
M(CINH-H)2.H20 and MCI(VINH-H).2H2O on raising the pH where they 
are changed to the enolic form. 
OH 
I 
C =- N — N = R 
Enolic form 
^ N ^ 
Where R = 
jCHo — CHp 
^CH2 — CH2 
in CINH 
r ^ ^ 
= HC\^^0CH3 
OCH-. 
in VINH 
The complexes decompose after 2 50°C without melting and are 
insoluble in water and common organic solvents but soluble in 
pyridine. The complexes are insoluble even in DMF and DMSO. They 
probably have attained such a compact structure by extensive 
hydrogen bonding or polymerisation that even the strong 
coordinating solvents like DMF and DMSO which are well known to 
( 20 ) 
dissolve most of the inorganic complexes and metal chelates, 
fail to dissolve them. The insolubility and high decomposition 
temperature of the complexes has been taken as firm evidence for 
their polymeric nature. The molar conductance values of the 
complexes in pyridine lie in the range 11.55-32.93 ohm -^cm^mole 
showing the absence of ionic species in solution' ^ . 
Various bands observed in the range 4000-500 cm~ in the 
infrared spectra of CINH and VINH in solid and in acetonitrile 
have been recorded.The analysis of the spectra and the assignment 
of the fundamentals ^nd other modes of vibrations has been done 
on the basis of available literature for infrared spectra of 
pyridine and cyclohexane^^^^ . The vibrations which are helpful in 
deciding the coordination sites of CINH and VINH in transition 
metal complexes are discussed and a comparison of the infrared 
spectra of the complexes with the spectra of the ligands is made 
to decide the bonding sites. 
Solid spectra of the ligands are considerably different from 
those in solution espacially in the amino and carbonyl regions. 
This discrepancy has been attributed to hydrogen bonding of the 
type NH N and N-H 0-C involving the, two groups. Thus the 
solution spectra of the ligands have been used for comparison to 
avoid the effects of hydrogen bonding. 
N-H Stretching vibrations 
The N-H stretching vibrations give rise to band at 3 500 -
3300 cm"-'- ^^ •^ ' . The N-H asymmetric has slightly higher frequency 
compared to N-H symmetric frequency^^. Moreover, the N-H 
symmetric mode appears with greater infrared intensity. Presently 
( 21 ) 
the bands at 3545 cm""'- and 3200 cm" in the solution spectrum of 
the ligand CINH have been assigned to N-H asymmetric and N-H 
symmetric frequency respectively. 
The spectra of the addition compounds of the transition 
metal ions with CINH and the deprotonated complex of Cu(II) with 
VINH in the N-H stretching region are broad, complicated and 
overlap with V (0-H) bands arising from water molecules present 
in the complexes and therefore no conclusion can be drawn about 
the involvement of the -NH group of the ligands in bonding ^ ^ . 
Hydrated nature of the addition complexes is evident from 
the presence of strong and broad absorption in the region of 3440 
-3 4 00 cm" (12) ^  rpj^g broadness, however, can not be used to 
determine whether the water is coordinated or not. The broad 
complicated unresolved band in this region can be taken to be an 
envelope of x; (N-H) and l^CO-H). 
In neutral complexes, there is no band in 3500-3000 cm" 
region except the nickel complex where the band at 3390 cm"-'- may 
be assigned to ^^(O-H). 
Amide frequencies 
Ketones are best characterized by the strong C=0 stretching 
absorption near 1715 cm" . Conjugation without hydrogen bonding 
results in a lowering of the C=0 stretching frequency to 1700 
-1640 cm"i. The frequency may be still lower in certain cases, 
but the intensity of the band is strong^^^'^^'. Metal chelates 
also absorb at a lower carbonyl frequency^^-^^ . 
CINH shows a band at 1650 cm"-*" in the solid state and at 
167 0 cm"-'- in acetonitrile solution due to >C=0 stretching 
( 22 ) 
frequency. The bands appearing in the solution spectrum of the 
ligand at 1670, 1635, 1545 and 1380 cm"-'- are assigned to amide I, 
V(C=N), amide II and amide III respectively. VINH shows 
carbonyl stretching frequency at 1665 cm" in acetonitrile 
solution. The bands at 1620, 1545 and 1370 cm" are assigned to 
y(C=N), amide II and amide III respectively. Various amide bands 
arise due to mixed vibrations. Appoximate percentage contribution 
of various modes to amide frequencies has been noted' '. 
1653 cm"-"- Vs Amide I 80% C=0 stretching 
1567 cm"-'- Vs Amide II 60% N-H in plane bending 
40% C-N stretching 
1299 cm~^ Vs Amide III 40% C-N stretching 
3 0% N-H bending 
In veiw of such an interpretation of these bands, it is 
difficult to assign a particular amide band to pure stretching 
and bending vibration. However, taking the interpretation of 
Mashima^^^) and Nagano(^^' the effect of coordination on amide 
bands of CINH and VINH may be noted. 
In addition complexes of CINH negative shift in amide I 
band, which is mainly due to C=0 stretching frequency, is 
indicative of bond weakening and decrease in double bond 
character of C=0 with electron density being drawn away by the 
interaction with the metal ion. The strength of interaction is 
indicated by the magnitude of the shift. This, in itself, is an 
evidence for the use of carbonyl oxygen donor site in addition 
complexes. Further evidence for coordination through this oxygen 
is found by examining the amide III band which shifts to higher 
frequency (40 cm"-'-) except Nickel (II) adduct where it remains 
{ 23 ) 
unchanged. 
The absence of amide I, II and III bands in the spectra of 
the neutral complexes of CINH and VINH and new bands in the 
region 157£'-1512 cm"-*" and 1452-1364 cm"-"- assignable to U (NCO) 
support enolisation. 
Pyridine ring vibrations 
Pyridine has two totally symmetric ring stretching modes at 
1030 cm" and 990 cm"-'- and one out of plane ring deformation mode 
at 746 cm"-'-. In pyridine adducts, both symmetric ring breathing 
modes appear at higher frequencies, whereas out of plane ring 
deformation mode shows a highly irregular behaviour. The band is 
either not at all affected or it shows a slight increase in 
frequency ^ •^ '^ ' •^•'-) . 
In the solution spectrum of CINH the bands at 1040, 920 and 
— 1 . . . 
745 cm have been assigned to pyridine ring breathing 
vibrations. The band at 104 0 cm" in complexes is diminished in 
intensity and appears at higher frequency. The bands at 920 and 
— 1 . . . . . . . . 
745 cm also show a positive shift indicating coordination 
through ring nitrogen. In the neutral complexes of Ni(II) 1040 
cm"^ band of the ligand becomes weak but there is change in the 
position of the band. 
In solution spectrum of VINH, the bands at 102 5, 990 and 740 
cm" have been assigned to pyridine ring breathing vibrations. 
There is a positive shift in all these bands in the complex of 
Cu(II) with VINH indicating coordination through pyridine ring 
nitrogen. 
( 24 ) 
Low frequency Spectral Studies 
The metal-ligand bond stretching and bending vibrations 
— 1 
occur m the low frequency region (below 600 cm •^) because of the 
relative heavy mass of the metal and low value of associated 
force-constant (-^^^  . The spectral study of this region has been 
undertaken to confirm the participation of nitrogen and oxygen 
in coordination. 
(Metal-Nitrogen) Modes 
Nuttal and Sharp^-^'^) have reported the metal-nitrogen 
vibrations to occur around 400 cm"-^ in metal (II) ammines. 
Barrow^"^^) and Mizushima^"^^' have assigned y (M-N) in ammonia 
complexes in 500-300 cm" region. Sacconi and Sabatini^ ^ have 
also assigned this vibration in hydrazine complexes in the same 
region. In metal pyridine complexes, metal nitrogen frequencies 
have been assigned as low as 240 cm"-*" ^^ ' . Recently, various 
scientists have assigned V (M-N) in acyl hydrazone complexes in 
400-300 cm"-"- region. 
In CINH complexes of Mn(II), Co(II) and Ni(II) the 
absorption bands occuring m the range 240-270 cm may therefore 
be assigned to metal-nitrogen modes. In VINH complex of Cu(II), 
y(M-N) appears at 280 cm"-^ . The presence of ^ (M-N) band supports 
the coordination through pyridine nitrogen('. 
(Metal-Oxygen) Modes 
Metal-oxygen modes usually occur below 600 cm" in the 
complexes of bivalent metals with oxygen donors^^^^. In metal(II) 
complexes with pyridine N-oxide and its ring substituted 
derivatives, strong absorption bands observed in the range 360-
290 cm"-'- are suggested in all probability to be due to metal-
( 25 ) 
oxygen stretching modes ^-^ "^'*-'-) . In acyl hydrazone complexes of 
transition metal ions, metal-oxygen modes have been assigned in 
575-500 cm~^ region^'*^ ' ^-^ ^ . 
On the basis of the foregoing discussion, the absorption 
bands observed in the range 54 0-52 0 cm"-*- in CINH complexes of 
Mn(II), Co(II) and Ni(II) are attributed to V (M-O) . In VINH 
complex of Cu(II), the band at 450 cm"-*- is assigned to i^  (M-O) . 
Table 2. Important infrared spectral bands and their assignments 
Complex y(O-H) V'(C=0) i'(C=N) Amide II Amide Pyridine ring 
Amide I III vibrations 
^(M-N) I'CM-O) 
CINH -- 1670 m 
VINH -- 1665 s 
MnCl2.CINH.2H2O 3450 s,b 1665 s 
C0CI2.CINH.2H2O 3400 s,b 1645 s 
NiCL2.CINH.2H2O 3440 b 1608 s 
V(NCO"") 
1635 m 1545 m 1380 s 1040 m 920 M 740 w 
1620 s 1545 m 1370 m 1025 s 990 m 740 m 
1590 s 1540 s 1415 m 1060 m 990 w 755 w 240 m 520 m 
1600 s 1540 s 1420 m 1065 u 980 w 758 m 260 m 540 m 
1580 s 1540 s 1380 s 1060 M 935 w 760 m 265 m 540 m 
Mn(CINH-H)2.H20 
Co(ClNH-H)2.H20 
1564 m, 1452 s 1596 s 
1520 m, 1432 s 1600 m 
Ni(CINH-H)2.H20 3390 m 1532 m, 1414 s 1608 m 
CuCUVINH-H).2H20 3400 s,b 1575 s, 1415 m 1590 s 
1050 m 972 M 750 w 265 m 535 w 
1050 M 940 M 752 w 255 m 530 w 
1040 u 944 w 750 u 240 m 540 w 
1055 m 1015 s 790 m 280 w 450 m 
( 26 ) 
The electronic ground state of Mn ion is s. In 
octahedrally coordinated complexes the lowest configuration 
(t2cf)"^ (e )^ gives rise to the ground state A^-^  . As this is a 
sextet level, the absorption bands are spin forbidden transitions 
since the higher energy levels are T-|^_ and '^2q' 
The electronic absorption spectrum recorded for 
— 1 MnCl2.CINH.2H2O shows two absorption bands m 9000 to 15,000 cm 
region. As expected the intensity of the bands is weak being spin 
forbidden. The band appearing at 9,150 cm" corresponding to '^xq 
6, (G) < — -^Icf ^ ^^ been taken as V-j^  and the band appearing at 1404 5 
g(G) < — % g cm c o r r e s p o n d i n g t o ^T2(-j   • I^cf ^^ ^2* '^^^ v a l u e of f^-j^  i s 
t a k e n a s 10 Dq. 
The magnetic moment of Mn(II) complex for a high spin d ion 
on the basis of spin only formula should be 5.92 B.M. . The 
observed magnetic moments of Mn(II) complexes (5.46 - 5.90 B.M.) 
5 
are slightly less than the calculated value of 5.92 B.M. for a d 
Mn(II) ion in the octahedral configuration. This decrease is due 
to spin-orbit coupling^'^^^ . The octahedral geometry is further 
supported by its electronic spectra. 
Octahedral Co'^  complexes normally show three spin allowed 
d-d transitions and exhibit three absorption bands around 8,000, 
18,000 and 20,000 cm"^ assigned to '^T2g(F) 4 — T^^ ^ (F) , ^ A2g(F) <-
— '^ T-]^ g(F) and '^T-^q(P) ^— '*T]^ g(F) respectively to two electron 
transition t|g.e| — > t^^e^^^^K 
In C0CI2.CINH.2H2O only two bands have been observed at 9805 
and 16,420 cm" which are taken as ^^^ and ^^ 2 respectively for 
calculation of ligand field parameters. The ratio of "^2/^1 ^^ 
1.674 which confirms octahedral geometry^ '. 
( 2 7 ) If y ^ •^ '^  
1 DSZ^7V J 
The position of A/-^  and -^2 bands in neutra§!*UBdlWlVi^ omplex with 
CINH changes from 9,805 cm"-'- to 9,950 cm"-'- and 16,420 cm"-'- to 
16,340 cm"-'- respectively. The ratio '^2/^1 ^^^^^ is 1.642 almost 
remains unchanged supporting octahedral geometry of the complex. 
The freguencies have been used to calculate the ligand field 
parameters which are of the same magnitude as in addition complex 
of Co . The intensity of the bands in both the complexes of 
Co^ "*" is very weak. 
For Co(II) complexes, the value of magnetic moments lie in 
the range 4.52 - 5.30 B.M. . The high spin octahedral complexes 
have magnetic moments ranging from 4.7 to 5.2 B.M., that is, they 
have high orbital contributions since the spin only moment for 3 
unpaired electrons is only 3.89 B.M.. This high orbital 
contribution is attributed to the three fold degeneracy of the 
'^ Iq g^o^nd state. Electronic spectra of Co (II) complexes is an 
additional evidence for an octahedral structure. 
Nickel has the electronic structure [A](3d)^(4s)^. Divalent 
nickel possesses eight 3d electrons. The geometry of the complex 
can be either octahedral, square planar or tetrahedral. The most 
common geometry is octahedral. 
Octahedral nickel (II) ion has the ground term 
A2q(t2q) (e^)'^; three transitions are usually observed in its 
complexes ^T2g(F) « — ^A2g(F) {^-^) ; ^T3^g(F) < — ^A2g(F) (^ ;2) 7 
^Tig(P) ^ — ^A2g(F) (^ >3). 
In the electronic spectra of Ni addition complex with CINH 
three bands have been observed at 9,175 i.^-^), 16,395 (^^^2^  '^^ ^ 
24,315 cm"-^  ^^2^ • '^ ^^  "^ 3 band is strong in intensity. In addition 
to these three transitions, some spin forbidden triplet to 
( 28 ) 
singlet bands may appear^'^^) which have not been observed in the 
present case. The value of ligand field parameters have been 
calculated using the three frequencies^ ' . Octahedral 
stereochemistry is supported by the ratio ^^2/^1 ^hich comes out 
to be 1.786(47,48)^ 
In neutral complex of Nickel(II) with CINH, only two elect-
ronic absorption bands at 9,170 i-^-^) ^^^ 15,380 cm"-"- (-^2) have 
been observed. The ratio "^ 2^/^ 1 ^^ 1.677 which suggests the 
octahedral stereochemistry. Dq value obtained for the complex is 
— 1 . . .0+ 
915 cm which IS close to the reported value for octahedral Ni 
complexes('. 
Octahedral Ni(II) complexes have a magnetic moment ranging 
from 2.8 - 3.5 B.M.. The observed magnetic moments for Ni(II) 
complexes (3.71 - 3.80 B.M.) can be accepted. 
The ligand field parameters Dq and the Racah (inter-
electronic repulsion) parameter B for the complexes of Cobalt(II) 
and Nickel (II) (with A2 and T-^  ground states) have been 
calculated using the method of Lever^ ^ . When all the three 
transitions are observed, the value of B has been obtained with 
the help of the formula -
^3 "^  ^ 2 ~ ^ ^1 "" 15 ^ 
and the value of -^-^ has been taken to be 10 Dq. 
When only two transitions are available, the graphical 
method has been used for calculating the parameters ^ ^5) ^  iphg 
values of Dq/B for the complexes studied of Co^ '*' and Ni^ "*" is in 
the range 0.85 to 1.04 which shows that the species formed are 
octahedral(45)_ 
( 29 ) 
Copper has the electronic structure [A](3d) (4s) . The 
structure of Copper(II) complex can be either a distorted 
octahedron or a tetrahedron. The ground state of an octahedrally 
coordinated Cu(II) ion is ^E„(t2q)^(e )-^, The only excited state 
is ^T2g(t2g)^(eg)^. ^Eg state is highly susceptible to a Jahn-
Teller configurational instability as a result no regular 
octahedrally coordinated Cu(II) complexes exist ^'^ ^^  . 
In the electronic spectrum of Cu(II) complex with VINH, a 
broad intense band occuring at 12 500 cm"-*- which is attributed to 
the transition ^T2g < — ^E (^ 0) ^  shows that the complex has a 
distorted octahedral structure ^  ^  •'• ^  . 
( 30 ) 
Table 3. Electronic spectral data and various Ligand field 
parameters of the complexes of CINH and VINH 
Complex Max Frequencies 
nm (V) cm 
Transitions Dq 
MnCl2.CINH.2H2O 1093 9150 V^ 
712 14045 V, 
C0CI2.CINH.2H2O 1020 9805 \l^ 
609 16420 \>2 
Co(CINH-H)2.H20 1005 9950 \)^ 
612 16340 \;, 
NiCl2.CINH.2H2O 1090 9175 V^ 
610 16395 ^2 
395 24315 ^-, 
Ni(CINH-H)2.H20 1090 9170 \>^  
650 15380 ^^ 
^ i g ^ 
4^1B< 
^ig< '^2g 
Mg 
915 
-1 ^2 / ^1 
Dq/B 
1.535 
980 1155 1.03 1.674 0.85 
995 965 0.86 1.642 1.03 
917 880 0.82 1.786 1.04 
915 1078 0.99 1.677 0.85 
CuCUVINH-H).2H20 795 12580 V^ 
2g 1250 1.330 
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